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Chapter 1
Natural product Chemistry –
An Introduction
Chapter 1 Introduction
1
1.1 GENERAL INTRODUCTION
Since prehistoric times, alleviation of diseases has been one of the primary concerns
of mankind. Local practitioners have used indigenous plants and herbs for centuries
all over the world in a variety of ailments showing definitive pharmacological
activities and even as poisons. Those plants which provide toxic effects were being
used in hunting or warfare, while plant products like opium and hashish has long been
used as hallucinating agents.
Traditional medicines developed over the millennia through the acquired
experience and accumulated knowledge of man for the beneficial or harmful effects of
plant materials against various human sufferings, culminating in self contained
theories. Thus man succeeded in discovering cure of ailments with herbal, animal and
mineral medicines. Much indigenous medicine began as myth, transferred to new
generation as folk medicine and developed with times as the complex science of
modern medications.
The history of medicine is an account of man’s effort to deal with human
illness and disease from primitive attempts of preliterate man to present complex
array of specialties in treatments. The earliest traces of therapeutic use of plant are
recorded in the Rigveda and Ayurveda. The seeds of Chinese medicine were shown
by Fu His and were flourished under the rule of Chang dynasty.
The most civilization is supposed to be Egyptian, which have delineated the
use of many medicinal plants for the treatment of human ailments. With the advent of
Islam, Arabs acquired, collected, translated and documented the knowledge of use of
herbal medicine from almost all the famous civilizations. It is well recognized that
modern medicinal science has its roots in the Islamic civilization of Middle Ages and
resulted in the flowering of medical technology in Europe during the days of
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renaissance.
Almost two hundred years ago about 1806 AD a new door for search of useful
drugs from the plant kingdom was opened with the isolation of morphine from dried
latex of Papaver somininiferum L. (opium), by F.W. Serturner. The isolation,
physiological and pharmacological role of strychinine, papaverine, quinine, nicotine
and cocaine lead to more concentrated attention towards the chemical investigation of
medicinal plants. Due to the chemical complexity and their physiological role these
compounds must be the first of the typical natural products, isolated by the man as
pure compounds. A number of important discoveries in medicine can be attributed to
the isolation of active principles from natural products.[1]
Although the plants have served through the ages as the mainstay for the
treatments of various ailments, it is astonishing that from the plant kingdom which
comprises approximately 600,000 plant species only two percent of these species have
been subjected to pharmaco-chemical studies.[2]
Until the great era of natural product chemistry in mid nineteenth century,
chemical constituents of plants remained ill defined in structural sense. The use of
medicinal plants as a source for relief from illness can be traced back over five
millennia to written documents of the early civilization in China, India and the near
east, but it is doubtless an art as old as mankind. Neanderthals living 60,000 years ago
in present day Iraq used plants such as holyback for medicinal use and it is still widely
used in ethno medicine around the world.[3-4]
Plants are used medicinally in different countries and are a source of many
potent and powerful drugs [5]. A wide range of medicinal plants are used as extract for
raw drugs and they possess varied medicinal properties. Some of these drugs are
collected in smaller quantities by the local communities and folk healers for local use;
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many other raw drugs are collected in large quantities and traded in the market as the
raw material by many herbal industries.[6]
The drugs are derived either from the whole plant or from different parts of the
plant, like leaves, stem, bark, root, flower, seed, etc. Some drugs are extracted from
excretory plant product such as gum, resins and latex. Even the Allopathic system of
medicine has adopted a number of plant-derived drugs which form an important
segment of the modern pharmacopoeia. Some important chemical intermediates
needed for manufacturing the modern drugs are also obtained from plants e.g.
Diosgenin, Solasodine. Not only that plant-derived drug offers a stable market
worldwide, but plants also continue to be an important source for new drugs.
Over the past decade although encountering drastic challenges from chemical
synthesis, combinatorial chemistry, computer aimed molecular modelling and other
drug discovery approaches, drug discovery from natural products, especially
medicinal plants[7] have continued to provide new drugs and drug leads against
various pharmacological targets such as tumours, viruses, fungi etc. For thousands of
year’s various plant families and mostly herbaceous plants have been used as
therapeutical agents against wide range of diseases which were known as herbal
medicines. Recently there has been an upsurge in interests in the use of plants with
folkloric reputations or with application in traditional medicines as sources of
potentially useful compounds.[8-11]
Keeping in view global and national scenario of medicinal plants, it is
worthwhile to undertake the phytochemical investigations of medicinal plants of the
Kashmir valley, existing at high altitudes with proven folklore medicinal claim and
their modification using Microwave Assisted Organic Synthesis. This prompted us to
undertake the phytochemical investigations of medicinal plants namely Viola indica
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and Koelpinia linearis.
1.1.1 Natural Products: In Modern Medicine
The use of natural products with therapeutic properties is as ancient as human
civilization and for a long time, mineral, plant and animal products were the main
sources of drugs.[12] The industrial revolution and development of organic chemistry
resulted in a preference for synthetic products for pharmacological treatment. The
reason for this were that pure compounds were easily obtained, structural
modification to produce potentially more active and safer drugs could be easily
performed and the economic power of the pharmaceutical companies was increasing.
About 25% of the drugs prescribed worldwide come from plants.
Natural products have been investigated and utilized to alleviate various
diseases since early human history. In more recent times, natural products have
continued to be significant sources of drugs and leads. Their dominant role is evident
by the fact that 60% of anticancer compounds and 75% of drugs for infectious
diseases used are either natural products or natural product derivatives.[13-14] Despite
this success during the past couple of decades research into natural products has
experienced a steady global decline. Examples of important drugs obtained from
plants are Digoxin from Digitalis, Quinine and Quinidine from Cinchona bark,
Vincristine and Vinblastine from Catharanthus roseus. It is estimated that 60% of
anti-tumor and anti-infectious drugs already in the market are of natural origin.[15] The
vast majority of these cannot yet be synthesized economically and are still obtained
from wild or cultivated plants. In recent years there has been growing interest in
alternative therapies and the therapeutic use of natural products especially those
derived from plants.
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1.1.2 Active ingredients
Flavonoids: Flavonoids are the diverse and widespread group of natural products
which have prominent position among the natural products. These are the largest
classes of naturally-occurring polyphenolic compounds.[16] The name flavonoid is
derived from Greek word ‘flavus’ which means ‘yellow’.[17-18] Various groups of
plant pigments e.g. the anthocyanins are largely responsible for the wide range of red
to blue colours of many fruits and flowers, and are found in fruits, vegetables, grains,
bark, roots, stems, flowers, tea, and wine. Besides colour, flavonoids have a variety of
roles in the growth and development of plants. The biological importance of
flavonoids has been reviewed by Williaman,[19] who listed thirty three different
manifestations of activity under the heading ‘bioflavonoids’. Numerous medicinal
plants contain therapeutic amounts of flavonoids, which are used to treat disorders of
the peripheral circulation,[20] to lower blood pressure,[21] to improve aquaresis, as anti-
inflammatory, anti-allergic agents[22] and antispasmodic.[23] Rutin : a flavonoid found
in buck wheat (Fagopyrum esculantum) and lemon (Citrus limon), strengthens
capillary walls. Among the medicinal plants whose activity is related to flavonoid
content are the passion flower (Passiflora incarnate) with approximately 2% of
flavonoids; roman chamomile (Chamaemelum glabra) and aquilea (Achillea
millefolium); liquorice (Glycyrrhiza glabra) and gingko (Ginkgo biloba); the Marian
thistle (Sylibum marianum) and the white thorn (Crataegus).
Anthocyanins: In the plant kingdom they are considered as largest group of water-
soluble pigments. Anthocyanins are responsible for most of the red, blue, and purple
colours of fruits, vegetables, flowers, and other plant tissues or products.[24] In recent
years, various studies have proved that the anthocyanins has to display a wide range
of biological activities including antioxidant, anti-inflammatory, antimicrobial and
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anti-carcinogenic activities, improvement of vision; induction of apoptosis; and
neuroprotective effects. They are particularly abundant in berries and other fruits with
red, blue, or purple colour and in red wines.[25]
Alkaloids: The most active ingredient found in plants, these (normally nitrogen
bearing) molecules have various medicinal and even cancer fighting effects on the
body but are also toxic in high doses. Most plants contain alkaloids as one of the
important constituents. One of the most popular examples of an alkaloid is caffeine
which is found in coffee, tea, and cocoa. Another alkaloid is Solanine, a toxin found
in the nightshade family and this is one of reason why some people are sensitive to
tomatoes, peppers and potatoes. Many alkaloids are used in medicine[26] e.g.
Vincristine is recommended for acute lymphocytic leukaemia in childhood, advanced
stages of cervical and breast cancer.[27] Another important alkaloid is Violine with is
found in the various species of Violaceae family. These alkaloids act as stimulants,
anticancer agents, poisons etc.
Coumarins: Coumarins belongs to a group of compounds known as the
benzopyrones, all of which consist of a benzene ring joined to a pyrone. The isolation
of coumarins was first reported by Vogel[28] in Munich in 1820. He associated the
pleasant odour of Tonka Bean from Guiana with that of clover, Melilotus officinallis.
The name Coumarin originates from Carribean word ‘Coumarou’ for the tonka tree
which was known botanically at one time as Coumarouna odorata. They are
considered as Phytoalexins since plants produce them as defence substances when
wounded or attacked by other organisms. Pure coumarins occurring in Aegopodium
podagraria, Anethum graveolens, A. archangelica, Levisticum officinalis, P. crispum,
and Peucedanum palustre, and R. graveolens, were merely observed against plant
pathogens which supported the role of coumarins and furanocoumarins as defensive
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compounds. Coumarins have a variety of bioactivities including anticoagulant,
estrogenic, dermal photosensitising, antimicrobial, vasodilator, molluscacidal,
antithelmintic, sedative and hypnotic, analgesic and hypothermic activity[29]. The
coumarin found in extracts of the Melilotus officinallis is used to treat Venolymphatic
insufficiency. Esculoside, found in Indian chestnuts (Aesculus hippocastanum) is both
a tonic for the veins and a protector of the cell wall. Extensive study has also showed
the coumarins are also found in endosperm and seeds.
Saponins: Saponins or Saponosides from the Latin word Sapo meaning soap. They
are substances which produce foam in water solutions, and are naturally tenso-active.
Many have haemolytic properties (disintegration of erythrocytes), and are highly toxic
when injected into the blood. Their toxicity is less when taken orally. They are toxic
to cold-blooded animals. There are triterpenic and steroidal types. The former are
found in the seed of the Indian chestnut, in Liquorice (Glycyrrhiza glabra), the Asian
Centella (Centella asiatica), and in Ginseng (Panax ginseng).The latter in Ruscus
(Ruscus aculeatus), Agave (Agave sisalana), and in Dioscorea (Dioscorea). [30]
Lignans: These consist of a class of natural products which are derived from
cinnamic acid derivatives and are related biochemically to phenylalanine metabolism.
These are molecules whose structure is the union of two units of phenyl propane (C6-
C3). They are very common in the plant world. Podophylotoxin, for example, is found
in the Podophylle rhizome (Podophyllum peltatum) and is the fore-runner of two
substances (etoposide and teniposide) used for anti-tumor therapy. Silimarin is, a
protector of the liver obtained from the Marian thistle (Sylibum marianum).[31]
Tannins: The term is widely applied to any large polyphenolic compound containing
sufficient hydroxyls and other suitable groups (such as carboxyls) to form strong
complexes with proteins and other macromolecules. Tannins are astringent, bitter-
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tasting plant polyphenols that bind and precipitate proteins. The term tannin refers to
the source of tannins used in tanning animal hides into leather. Tannins can be
employed medicinally as antidiarrheal, hemostatic and antibacterial. Plant parts
containing tannins include bark, wood, fruit, fruitpods, leaves, roots and plant galls.
Examples of plant species used to obtain tannins for tanning purposes are Wattle
(Acacia sp.), Oak (Quercus sp.), Eucalyptus (Eucalyptus sp.), Birch (Betula sp.),
Willow (Salix caprea), Pine (Pinus sp.), Quebracho (Scinopsis balansae). The
antimicrobial activities of tannins are well documented.[32]
Triterpenoids: The terpenoids sometimes called isoprenoids are a large and diverse
class of naturally occurring organic chemicals similar to terpenes, derived from five-
carbon isoprene units assembled and modified in thousands of ways. Most of these are
multicyclic structures that differ from one another not only in functional groups but
also in their basic carbon skeletons. These are the largest group of natural products
found in plant kingdom.
Plant terpenoids are used extensively for their aromatic qualities. They play a
role in traditional herbal remedies and are under investigation for antibacterial,
antineoplastic, and other pharmaceutical functions. Terpenoids contribute to the scent
of eucalyptus, the flavors of cinnamon, cloves, and ginger, the yellow color in
sunflowers, and the red color in tomatoes.[33] Well-known terpenoids include Citral,
Menthol, Camphor, Salvinorin A in the plant Salvia divinorum, and the Cannabinoids
found in Cannabis. The steroids and sterols in animals are biologically produced from
terpenoid precursors. Sometimes terpenoids are added to proteins, e.g., to enhance
their attachment to the cell membrane; this is known as isoprenylation. Triterpenoids
are the most ubiquitous non steroidal secondary metabolites in terrestrial and marine
flora and fauna. Their presence, even in non photosynthetic bacteria, has created
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interest both from evolutionary and functional aspects. Although medicinal uses of
this class of compounds are rather limited, considerable recent work in this regard
strongly indicates, their great potential as drugs. Extensive exploratory activities in
this area have been underway during recent years. Some exciting and thought
provoking results are reproduced with a view to provide deep insight into wide
spectrum of pharmacodynamic activities of terpenoids. Triterpenoid glycosides,
Foetoside c and Cyclo Foetoside B from Thalictrum foetidum and Thalicoside A from
T.minmus were studied for their anti-tumour activity [34] and each agent had an
appreciable anti-tumour activity. Thus terpenoids are responsible for various anti
cancer activities. Many terpenoids have molluscidal activity.[35] The pharmacological
properties of triterpenoids continue to be of interest with reviews appearing on their
antitumour,[36-37] anti-HIV[38] and antiviral activities.[39] Triterpenoid saponins with
antitumour[40] and apoptosis-inducing[41] activities have been surveyed, as have the
biological activities of triterpenoid saponins from Chenopodium quinoa,[42] Pulsatilla
species[43] and the Leguminosae family.[44] The interest in saponins has prompted
reviews of their synthesis[45-46] and biosynthesis.[47] Further reviews have covered the
biological activities of frankincense-derived triterpenoids,[48]oleanane triterpenoids
from soya[49] and pentacyclic triterpenoids from the medicinal plants Centella
asiatica[50] and Terminalia arjuna.[51]

Chapter 2
Phytochemical investigation
of Koelpinia linearis
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2.1 INTRODUCTION AND LITERATURE REVIEW
The Asteraceae or Compositae[52] (commonly referred to as the aster, daisy, or
sunflower family),is an exceedingly large and widespread family of vascular plants.
The group has more than 22,750 currently accepted species, spread across 1620
genera and 12 subfamilies [53]. Along with the Orchidaceae, it is one of the two largest
flowering plant families in the world.[54] However, one of the two families is yet to be
been done conclusively, owing to the uncertainty around exactly how many species
are in each group. The largest composite genera are Senecio (1,000 species), Vernonia
(1,000 species), Centaurea (700 species), Cousinia (600 species), Helichrysum (550
species), and Artemesia (550 species).[55]
Most members of Asteraceae are herbaceous, but a significant number are also
shrubs, vines and trees. The family is distributed throughout the world, and is most
common in the arid and semi-arid regions of subtropical and lower temperate
latitudes.[56]Many economically important products come from Compositae, including
cooking oils, lettuce, sunflower seeds, artichokes, sweetening agents, and teas.
Several genera are also very popular with the horticultural community, these include
Marigolds, Chrysanthemums, Dahlias, Zinnias, and Heleniums. The Latin name
'Asteraceae' is derived from the type genus Aster, which is a Greek term, meaning
"star".[57] While 'Compositae', an older but still valid name,[58] means composite and
refers to the characteristic inflorescence, a special type of pseudanthium found in only
a few other angiosperm families. The study of this family is known as
synantherology.
In addition, the name daisy is derived from its old english meaning,
daegesege, from daeges eage meaning "day's eye," and this was because the petals
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open at dawn and close at dusk. Asteraceae are mostly herbaceous plants, but some
shrubs, trees and climbers do exist. Daisies are generally easy to distinguish from
other plants, mainly because of their characteristic inflorescence and many shared
apomorphies.[59] However, many closely related species in this family are notoriously
difficult to identify to the species level.
Daisy roots are usually taproots, and sometimes fibrous. Stems are generally
erect, but sometimes prostrate to ascending. Some species have underground stems in
the form of caudices or rhizomes, these can be fleshy or woody depending on the
species. The leaves and the stems very often contain secretory canals with resin or
latex (particularly common among the Cichorioideae). The leaves can be alternate,
opposite, or whorled. They may be simple, but are often deeply lobed or otherwise
incised, often conduplicate or revolute. The margins can be entire or dentate. The
most evident characteristic of Asteraceae is perhaps their inflorescence. Asteraceae
generally store energy in the form of inulin. They produce iso/chlorogenic acid,
sesquiterpene lactones, pentacyclic triterpene alcohols, various alkaloids, acetylenes
(cyclic, aromatic, with vinyl end groups), tannins. They have terpenoid essential oils
which never contain iridoids.[60] Commercially important plants in the Asteraceae
include the food crops Lactuca sativa (lettuce), Cichorium (chicory), Cynara
scolymus (globe artichoke), Helianthus annuus (sunflower), Smallanthus sonchifolius
(yacón), Carthamus tinctorius (safflower) and Helianthus tuberosus (Jerusalem
artichoke).
Many members of the family are grown as ornamental plants for their flowers
and some are important ornamental crops for the cut flower industry. Some examples
are Chrysanthemum, Gerbera, Calendula, Dendranthema, Argyranthemum, Dahlia,
Tagetes, Zinnia and many others.
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Other commercially important species include Compositae used as herbs and in herbal
teas and other beverages. Chamomile, which comes from two different species, the
annual Matricaria recutita or German chamomile, and the perennial Chamaemelum
nobile, also called Roman chamomile[61]. Calendula, also called the pot marigold is
grown commercially for herbal teas and the potpourri industry. Echinacea (Echinacea
purpurea), used as a medicinal tea. Winter tarragon, also called Mexican mint
marigold, Tagetes lucida is commonly grown and used as a tarragon substitute in
climates where tarragon will not survive. Finally, the wormwood genus Artemisia
includes absinthe (A. absinthium) and tarragon (A. dracunculus).
Compositae has also been used for industrial purposes. Common in all
commercial poultry feed, marigold (Tagetes patula) is grown primarily in Mexico and
Central American nations. Marigold oil, extracted from Tagetes minuta is used in the
cola and cigarette industries.
Plants in Asteraceae are medically important in areas that don't have access to
Western medicine. They are also commonly featured in medical and phytochemical
journals because the sesquiterpene lactone compounds contained within them are an
important cause of allergic contact dermatitis. Allergy to these compounds is the
leading cause of allergic contact dermatitis in florists in the US.[62] Pollen from
ragweed Ambrosia is among the main causes of so called hay fever in the United
States.[63]
Many members of Asteraceae are copious nectar producers and are useful for
evaluating pollinator populations during their bloom. Centaurea (knapweed),
Helianthus annuus (domestic sunflower), and some species of Solidago (goldenrod)
are major "honey plants" for beekeepers. Solidago produces relatively high protein
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pollen, which helps honey bees overwinter. Some members of the Asteraceae are
economically important as weeds. Notable in the United States are the ragwort,
Senecio jacobaea, groundsel Senecio vulgaris and Taraxacum (dandelion).The genera
Tanacetum, Chrysanthemum and Pulicaria contain species with insecticidal
properties. Parthenium (guayule) is a source of hypoallergenic latex.
Koelpinia linearis is a subalpine plant belonging to Asteraceae family found in
the Ladakh region of the state Jammu and Kashmir, India[64]. The plant grows wild
and has a long lanceolate leaves. It flowers during August–September. It is a rich
source of triterpenoids and steroids [65]. Although locals of Ladakh region use it as an
antiseptic for cattle, not much medicinal importance is known.
In 1990 Razdan et al.[66] reported that the plant is a rich source of triterpenoids
and coumarins. Though they did not isolate any coumarin, they reported the presence
of some lupeol esters. Since triterpenoids are associated with a long range of
biological activities, particularly anti-inflammatory, antiarthiritic and cytotoxic
activity.
Koelpinia linearis has virtually remained unworked for its chemical
composition except for work by Shah et al.[67] and Razdan et al.[68]. In 1996 Razdan et
al. reported an unusual phenomenon occurring in this plant. They have found presence
of unusual long chain alkanoic acid esters of lupeol, some of which carry odd carbon
acid moiety which have not been earlier reported. The presence of these odd carbon
fatty acid can be possibly because of biogenetic routes which direct themselves in a
different path under the action of different ecological conditions, particularly under
dry and high altitude conditions, where exposure to UV radiations can bring about
photocatalysed radical reactions. This receives a support from the observations that
the composition of mono and sesquiterpenoids undergoes a drastic variation during
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sunlight and most potent hydroxylated monoterpenoids which originate through the
same acetate mevalonate pathway, as the fatty acids, are elaborated better during the
dark hours while esterfication predominates during the sunlight. The isolation and
characterization of an unusual homologous series of five long-chain alkanoic acid
esters of lupeol, in addition to lupeol and lupenone, was carried out by Razdan et
al.[69] and three new triterpenoids, designated as koelpinin - A, B and C characterized
as 28-nor-lup-12,17-dien-3β,16α-diol,3β-acetoxy-28-nor-lup-12,17-dien-16α-ol and
28-nor-lup-12,17-dien-3β-ol-16-one, respectively, together with 30-nor-lup-3β-ol-20-
one, taraxeryl acetate and germanicol, were isolated by Koul et al.[70] Three novel
triterpenoids, C: D seco 8(14) urso-8(26), 12(13)-dien-3b-ol, C: D seco 8(14) urso-
8(26),13(14)-dien-3β-ol, and C:D seco 8(14),27 nor-urso-12-ene-3β-20-diol also have
been isolated by Shah et al.[71]
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2.2 General Experimental Conditions
2.2.1 Experimental Conditions
Physical Constants
Melting points (corrected and uncorrected) were determined in glass capillary
tubes using Labotech-Perfit melting point apparatus.
Spectroscopy
1H NMR and 13C NMR were run on 300MHz Bruker Daltonics spectrometers
respectively. The chemical shifts (δ) were measured in Hz.
Chromatography
Column chromatography was carried out on silica gel (Qualigens, 60-120
mesh). Precoated silica gel preparative plates were used for isolation. The purity of
samples was also checked on the same precoated plates. Solvents LR grade
(Qualigens) were used for isolation.
Detection of Compounds on Chromatograms
Thin layer chromatographic (TLC) plates were viewed under ultraviolet light
at 254 nm for fluorescence quenching spots and at 366 nm for fluorescent spots.
Cerric ammonium sulphate, sulphuric acid, Dragondroff’s and FeCl3 (Qualigens)
were used as spraying reagents to visualize the spots. Iodine (Merck) was used to
detect the spots.
2.2.2 Plant Material
The whole plant of Koelpinia linearis was collected from Ladakh, Kashmir,
India. The localities were the plant material was collected are usually situated
between 2400-4600m. Voucher specimen of Koelpinia linearis bearing specimen no.
4093, was deposited at KASH herbarium in Centre of Plant Taxonomy, Kashmir
University, Srinagar.
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2.2.3 Extraction and Isolation
Dried and powdered plant material was subjected to soxhlet extraction with
methanol. The extract thus obtained was concentrated by vacuum evaporation using
rota-vapour. Methanol extract of the plant material was analysed by TLC. It showed
presence of complex mixture with overlapping components in polar, non polar and a
combination of both solvent systems. The extract was then loaded on column having
height 6ft and diameter 2inches. The nature of adsorbent used was column silica gel
60-120 mesh Qualigens with height of the adsorbent column 4ft and 6inches. Nature
of the eluent was petroleum ether. Fractions were continuously monitored on TLC in
various solvent systems. Collection of fractions was continued till these fractions did
not show presence of any spot. First ten fractions were discarded as they revealed
presence of fatty acids. Next fractions revealed presence of mixture in various solvent
systems and were subjected to further fractionation by CC. Column elution was
carried with increasing polarity of chloroform in petroleum ether starting with 9:1
(petroleum ether: chloroform)up to pure chloroform. First five fractions did not reveal
the presence of any spot on TLC and were discarded. Fractions from six onwards
were found to be pure on TLC and TLC purity was examined in various solvents like
benzene, petroleum ether , ethyl acetate ,chloroform, chloroform :ethyl acetate
(7:3),petroleum ether :ethyl acetate(6:4) etc. These TLC pure fractions were subjected
to distillation. The repeated column chromatography of these fractions afforded extra
pure white coloured compound 1. Pure compound was crystallized using hexane and
methanol. The compound 1 was characterised using various spectral techniques as
Compound I
Physical state: Amorphous white powder, crystallized in hexane and methanol.
Melting point: 145-146ºC.
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Rf : 0.52(CHCl3 : EtOH,7 : 3 v/v).
UV (CHCl3, λmax, nm): 243,281(inflation).
IR: 2927.35, 2062.71, 1730.11, 1485.4, 1382.04, 1371.9, 1040.20.
2.2.4 Antimicrobial activity
Test Micro Organisms and growth conditions
The bacterial strains procured form MTCC- Chandigarh, were inoculated in to
nutrient broth for 24hrs. In the Agar well diffusion method, gram positive bacteria and
gram negative bacteria were grown in nutrient broth medium and incubated at 370c
for 24 hrs, followed by frequent sub culturing (every 24hr) to refresh medium.
Bacterial strains were maintained on Muller Hinton Agar Medium.
Preparation of Microbial Cultures
The antibacterial susceptibility test was carried out using the agar well
diffusion assay (Collins et al., 2004) [72] with some modification. Briefly the overnight
cultures of the indicator strains of bacteria were added to 20 ml of liquid nutrient agar.
The contents of the tubes were transferred to petri plates. After 10 mins of
solidification of the agar petri plates at room temperature, the punched wells on the
plates were filled with 2 µg/ml of methanolic extract. The incubation was carried out
for 24 hrs at 37oC for bacteria. After the incubation period, the antimicrobial activity
was evaluated by measuring the width of the zones of inhibition. Kanamycin (10µg
per disc) was used as positive control for bacteria.
2.2.5 Cytotoxic activity
In order to understand the effects of Koelpinia linearis extracts on human
cancer cell lines, experiments were carried using cultured THP-1 (leukemia), A-549
(lung), Colon (HCT-15), Cervix (Hela) and Prostrate (PC-3) cell lines by SRB
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(Sulpha Rodhamine -B) assay. Cell lines were exposed to concentration of 100μg for
48 hours, which reduced the viability of these cell lines. As shown in table-3 the
extract was active against all the tested cancer cell lines.
Human cell lines and culture
The optimum density of seeded cell suspension were introduced to each well
of 96-well plates (Iwaki) and exposed to indicate range of concentration of the plant
extract (samples). In the cultured RPMI-1640 medium, supplemented with known
cytotoxic agent Paclitaxel and Mitomycin-C (Sigma-Aldrich, Fluka, UK) as positive
controls. The cells were incubated with sample for 48 hrs incubation. Fixed the cells
ice cold TCA for 1 hr at 40ºC. The plates were washed with distilled water and
allowed to dry in the air. Sulpharhodamine-B (SRB) solution (0.4%) was added to
each well of dry 96-well plates and allowed staining at room temperature for 30-mins.
The unbound SRB solution was removed by washing the plates quickly with 1% (v/v)
acetic acid. The bound SRB dye was solubilised by adding 100μl of 10mM
unbuffered Tris base (PH=10.5) to each well and shaking for 5mts on shaker platform.
The plates were read in a 96-well plate reader at 540nm
2.2.6 Determination of antioxidant activity
Antioxidants are the substances which can scavenge free radicals. The free
radical scavenging activity of the various fractions of methanolic extract was
measured in terms of hydrogen donating or radical- scavenging ability using the stable
radical DPPH. Ascorbic acid was used as the reference compound. The free radical
scavenging activity of methanolic extract of Koelpinia linearis plant was determined
according to method of Alasalvar et al.[73] and Collin [74] with slight modifications.
Extract solution (0.1ml) in 95% methanol at different concentration (final
concentration of 100,200,300,400 and 500 µg/ml) was added to the solution of DPPH
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(5ml, 0.004%w/v in 95% methanol). The reaction mixture was incubated at 28ºC. The
scavenging activity on the DPPH radical was determined by measuring the
absorbance at 517 nm every 10 mins. The antioxidant activity was expressed as a
percentage of scavenging activity on the DPPH radical as follows:
% inhibition = ((A0-At) / A0 × 100).
Where A0 = the absorbance of the control (blank, without extract)
At = the absorbance in the presence of the extract.
All the tests were performed in triplicate and the graph was plotted with the mean
values.
2.2.7 Phytochemical Screening of Crude Extracts.
The phytochemical screening of the plant extracts was carried out according to
standard procedure of Farnesworth [75] as follows.
Alkaloids
The methanolic extract (30ml) was evaporated to dryness in an evaporating
dish on water bath. 5 ml of 2 N HCl was added and heating with continuous stirring
was done on the water bath for 10mins. Cooled the extract, filtered it and the filtrate
was treated with a few drops of Mayer reagent. The sample was then observed for the
presence of turbidity or precipitation. The appearance of turbidity confirmed the
presence of alkaloids.
Terpenoids
To 0.5 g of the methanolic extract was added 2ml of chloroform. Concentrated
H2SO4 (3ml) was carefully added to form layer. A reddish brown colouration of the
interface indicated the presence of terpenoids.
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Steroids
To a small quantity of extract 2ml of acetic anhydride in chloroform was added
which was followed by addition of concentrated H2SO4. A greenish colour was
produced which turned to blue indicating the presence of steroids.
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2.3 RESULTS AND DISCUSSIONS
2.3.1 Observations based on literature studies / present studies.
Koelpinia linearis is a rich source of triterpenoids and steroids. Several
triterpenoids and steroids have been reported by previous workers. The methanolic
extract of Koelpinia linearis was phytochemically screened for the presence of
triterpenoids, steroids and alkaloids. The results showed that the Koelpinia linearis
contains terpenoids, steroids and alkaloids in good amount.
The results of phytochemical screening are depicted in the form of table 1.
Table-1: Components of Koelpinia Linearis methanolic extract based on
preliminary phytochemical screening.
Test Methanol extract
Terpenoids ++
Alkaloids ++
Steroids ++
++= appreciable amount.
Since these terpenoids are responsible for broad pharmacological profile,
including anticancer, antibacterial, anti-inflammatory, antiarthiritic etc. Therefore the
methanolic extract of the Koelpinia linearis was screened for its possible anticancer
and antimicrobial activities.
2.3.2 Antimicrobial assay
The results of antimicrobial activities are depicted in the form of table -2.
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Table – 2: In-vitro antimicrobial activity of Koelpinia linearis, and reference
antibiotics determined with the agar diffusion method.
Zones of inhibition (in mm)
MATERIALS
/MICROORGANISMS
MeOH.Ea STANDARD M.CONTROLb
P. aeruginosa 10±0.62 30±0.21 -
S.aureus 0±0.16 30±0.21 -
P.vulgaris 12±0.14 30±0.21 -
B.subtilis 08±0.52 30±0.21 -
S. epidermidis 14±0.62 30±0.21 -
MeOH.Ea =Zones of inhibition of Methanolic extract in mm, M.controlb=Methnol
pure was used control, (-) = No inhibition
Standard: Kanamycin.
The antibacterial spectrum of Koelpinia linearis did not show any desirable
results.
2.3.3 Cytotoxic Assay
Sulpharhodamine-B assay was performed against five human cancer cell lines
namely THP-1 (leukemia), A-549(lung), HCT-15(Colon), Cervix (Hela) and Prostrate
(PC-3), which revealed increase in growth of inhibition during 48 hour incubation at
the concentration of 100 μg/ml of the sample. DMSO was used as negative control,
which was also used as a solvent for dissolving samples homogeneously. The results
depicted that the inhibition of different human cancer cell lines of varying tissue
origin with 100 μg/ml of extract dissolved in DMSO imparted significant cellular
cytotoxic effects on all the cell lines that were tested. However the most promising
results were obtained against Leukemia (THP-1), Lung (A549), Colon (HCT-15), and
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Cervix (Hela) cancer cell lines. The result of cytotoxic activities is depicted in the
form of table 3.
Table – 3: In vitro cytotoxic activity of methanolic extract of K.linearis.
Tissue type Leukemia Lung Colon Cervix Prostrate
Cell line type THP-1 a A-546 a HCT-15 a Hela a Pc-3 a
S.No Material Conc.
(µg/ml)
1. K. linearis
(MeOH.E)
100 54±0.37 65±0.13 48±0.52 53±0.39 17±0.93
4. Paclitaxel 1x10-6 13±0.83 61±0.12 17±0.87 6±0.37 7±0.33
5. Mitomycin-C 1x10-6 23±0.61 43±0.31 21±0.95 4±0.35 67±0.31
a= % growth inhibition against a particular cell line, MeOH= Methanolic extract
2.3.4 Determination of antioxidant activity
The free radical scavenging activity of the various fractions of methanolic
extract was measured in terms of hydrogen donating or radical- scavenging ability
using the stable radical DPPH. 0.1 mM solution of DPPH in Methanol was prepared
and 1.0 ml of this solution was added to 1.0 ml of extract solution in methanol at
different concentrations (100-500 μg/ml).Thirty minutes later, the absorbance was
measured at 517 nm. Ascorbic acid was used as the reference compound. Lower
absorbance of the reaction mixture indicated higher free radical scavenging activity.
Radical scavenging activity was expressed as the inhibition percentage of free radical
by the sample and was calculated using the following formula:
% inhibition = [(Ao-At) / Ao × 100].
Where Ao was the absorbance of the control (blank, without extract) and
At was the absorbance in the presence of the extract.
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All the tests were performed in triplicate and the graph was plotted with the mean
values.
The reaction involved:
DPPH. + Sample →  DPPH2 + Sample (Radicals)
(Purple coloured) (Yellow coloured)
Table-4: In-vitro radical scavenging activity of methanolic extract of Koelpinia
linearis.
MeOH.E (µg/ml)a %RSA
(MeOH.E)b
%RSA
(Ascorbic acid)c
100 14.88±0.39 62.56±0.31
200 25.27±0.40 65.52±0.35
300 42.66±0.50 68.60±0.27
400 45.22±0.27 70.43±0.23
500 72.66±0.49 77.06±0.18
a = Concentration of MeOH.E i.e methnolic extract in µg/ml,
b =Percentage of radical scavenging activity (RAS) of
methanolic extract (MeOH.E),
c = Percentage of radical scavenging activity (RAS) of positive
control ascorbic acid.
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Fig. 2: Radical scavenging effect of methanolic extract in comparison to control
Ascorbic acid.
As shown in the results methanolic extract reacted directly with DPPH
radicals and quenched them to different degrees with increased activities at higher
concentration. At the concentration of 50
methanolic extract reached a plateau of 72.66
77.06±0.18% at the same concentration. Generally, antioxidants will react with
DPPH, a nitrogen-centred radicals converted to 1, 1
to its hydrogen-donating ability, at a very rapid rate. The DPPH radical scavenging
assay is commonly employed in evaluating the ability of antioxidants to scavenge free
radicals. This method has been used extensively to predict the radical scavenging
activity because of the relatively short time required for analysis. The change in
absorbance at 517 nm is used as a measure of the scavenging effect of a parti
sample for DPPH radicals.
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2.3.5 Identification of isolated compounds:
The present investigation afforded the isolation of alkanoic acid esters of
Lupeol (triterpenoids) from Koelpinia linearis using column chromatography, TLC
and Co-TLC techniques. The structures were elucidated using various spectral
techniques such as 1HNMR, 13CNMR and IR. Three homologous triterpenoids were
isolated from the plant in their pure form. Among these three homologous
compounds, compound 1 was isolated in good amounts and thus was subjected to
modification under microwave conditions. The 13CNMR and 1HNMR data of the
basic skeleton of compound 1 are given in the form of table 5 and 6.
Table 5: 13CNMR data of basic skeleton of Compound 1
Carbon Chemical shift (δ) Carbon Chemical shift
C-1 38.6 C-16 35.6
C-2 27.3 C-17 42.9
C-3 77.8 C-18 48.2
C-4 38.4 C-19 47.9
C-5 55.3 C-20 150.3
C-6 19.3 C-21 29.7
C-7 34.02 C-22 40.7
C-8 40.7 C-23 29.1
C-9 50.3 C-24 15.4
C-10 37.7 C-25 16.5
C-11 20.9 C-26 16.12
C-12 25.09 C-27 14.5
C-13 38.6 C-28 18.0
C-14 42.8 C-29 109.4
C-15 27.9 C-30 19.3
OCO 174.5
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Table 6: 1HNMR data of Compound 1 (CDCl3) 300 MHz.
Proton Chemical shift (δ) Multiplicity
H-3 4.5 dd
H-19 2.4 t,d
H-23 0.86 s
H-24 0.78 s
H-25 0.84 s
H-26 1.05 s
H-27 0.99 s
H-28 0.84 s
H-29(a) 4.62 d
H-29(b) 4.70 d
H-30 1.69 s
COCH2 2.4 m
Terminal CH3 ester 1.28 s
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R
where R =C17H35COO for Lupeol stearate
Compound 1
Compound 1 is one of the major constituent of the sub alpine Koelpinia
linearis. It was isolated as crystalline white solid, from the pet ether fraction of the
methanolic extract of the plant. Melting point of the compound was recorded on
Labotech-Perfit and was found to be 145-1460C. Molecular formula was found to be
C48H84O2 using13 CNMR spectrum and IR data. The structure of the compound was
identified as the Lupeol stearate by various spectroscopic techniques. The 13 CNMR
spectrum of the compound recorded on Bruker 300 MHz in CDCl3 is shown in
Figure 2.1.13CNMR (Bruker, CDCl3):174.5(OCO),178.8(additional COOH),109.4(C-
29), 150.4(C-20), 38.8(C-1), 38.8(C-13), 77.5(C-3) The 1HNMR spectrum of the
compound was recorded on Bruker 300 MHz in CDCl3 is shown in Figure 2.2.
1HNMR (200MHz, CDCl3 with TMS): 7.281(d, H-3), 5.29(t, H-1), 4.706 (s, H-1),
4.627(s,H-1), 4.586(s, H-1), 3.686(d, H-3) 3.322(d, H-3), 3.229(d, H-3), 2.406(t,H-1),
1.699(s, H-3),1.151(s,H-3),0.99(s, H-3). These values correspond to those reported for
alkanoic acid esters of lupeol by Razdan et al. (1996)[76] and Luc Meva’a Mbaze et al.
(2007) [77]. The IR spectrum of the compound showed peaks at 1730, 1040(for esters).
The UV spectrum of this triterpenoid showed λmax at 243nm and elevation at 281nm. 
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Fig. 2.1: 13CNMR spectrum of Compound I in CDCl3
Fig. 2.2: 1HNMR spectrum of Compound I in CDCl3
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Fig. 2.3: IR spectrum of Compound I.
Fig. 2.4: UV spectrum of Compound I.
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3.1 Microwave Assisted Organic synthesis-An Introduction
Microwave irradiation an unconventional energy source, has been used for a
variety of applications including organic synthesis, where in chemical reactions are
accelerated because of selective absorption of microwave energy by polar
molecules.[78] Microwave assisted organic synthesis (MAOS) has revolutionized
organic synthesis. Bigger molecules have been synthesized in a fraction of time as
compared to that required by classical thermal methods. As a result this technique has
rapidly gained acceptance as a valuable tool for accelerating drug discovery and
development processes.[79] Microwave irradiation produces efficient internal heat
transfer resulting in even heating throughout the sample as compared with the wall
heat transfer that occurs when a water/oil bath is applied as an energy source.[80]
Many applications of microwaves, as an efficient source of energy for organic
reactions, have been reported in the literature.[81] The microwave assisted reactions
occur more rapidly, safely and with higher chemical yields.[82-83] So this growth of
green chemistry holds significant potential in terms of reduction in the formation of
by products and lowering of the energy costs. Microwave dielectric heating uses the
ability of some liquids and solids to transform electromagnetic radiation into heat to
drive chemical reactions. This technology opens up new opportunities to the synthetic
chemist; in the form of new reactions that are not possible using conventional heating,
improved reaction yields, decreased reaction times and even solvent free reaction
conditions. MAOS is an increasingly popular field which has shown potential to carry
out variety of reactions, such as pericyclic reactions, cyclization, condensation,
oxidation and molecular rearrangements etc.
In last few years Microwave Induced Organic Reaction Enhancement
(MORE)[84-87] has gained popularity as a non conventional technique for rapid organic
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synthesis. The application of microwave irradiation to provide enhanced rate and
improved product yield in chemical synthesis[88-93] has been extending to modern drug
discovery in complex multiple step synthesis. Microwave assisted organic synthesis
(MAOS) has become an important tool in the hands of chemists for bringing about
rapid valuable transformation synthesis of organic and inorganic compounds. Many
research papers have appeared over the last decades on the application of Microwave
technology in organic synthesis.[94] Some of the advantages include remarkable
decrease in reaction time, lesser number of by-products and excellent yield as
compared to conventional heating methods.
Recently this method has been exploited in multistep-total synthesis[95-96] and
drug discovery/designing.[97] It has attracted great deal of interest in Pharmaceutical
industry, Polymer synthesis,[98-99] Material science,[100-101] Nanotechnology,[102]
Biochemical processes[103] and Combinatorial Chemistry. MAOS has immense
potential for the development of new reaction conditions especially environmentally
benign ones. The focal point in synthetic chemical research is the development of
environmentally benign processes.
3.2. Modification of alkanoic acid esters of lupeol (long chain triterpenoids)
under microwave conditions
Chemical or biochemical modification of an active molecule is a tool to obtain
more active molecule from its natural counterpart [104]. Several natural bioactive
molecules have been converted to their analogues in recent years by chemical or
biochemical means. Medicinally the triterpenoids have been found to be of interest for
their anticancer [105-106] anti bacterial [107], antiamoebic [108] and antimalarial properties.
In the present studies hydrolysis of alkanoic acid ester was carried under microwave
conditions in order to get corresponding alcohol and acid. The compound was
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saponificated using the method of Vassiliki Theodorou et al. 2007[109] with slight
modification. Firstly, the compound was dissolved in chloroform and then ester was
saponificated under microwave conditions using 5.5- 6N NaOH (dissolved in MeOH)
for 11 mins (convection method requires 2-3 hrs for completion of reaction). The
completion of reaction was confirmed by TLC which showed no spot for ester on
completion. The acid and alcohol were separated after usual work up of mixing the
mixture of acid and alcohol with mixture of diethyl ether and water. Acid got
dissolved in water where as alcohol got dissolved in diethyl ether. The UV spectrum
of acid was taken directly in aqueous layer. The reaction involved is shown below
HO
C17H35OCO
NaOH(MeOH)
MW(11min)
+ C17H35COOH
Lupeol Stearate
Lupeol
Stearic acid
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As per literature this is a first attempt for performing the hydrolysis of lupeol
ester from Koelpinia linearis under microwave conditions.
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Fig. 2.5a: TLC showing completion
of hydrolysis reaction
Fig 2.5b: UV spectrum of water
containing acid separated
after microwave treatment
Kingdom: Plantae
Phylum: Magnoliophyta
Class: Angiospermae
Order: Malpighiales
Family: Violaceae
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4.1 Introduction and Literature Review
4.1.1 Introduction
Violaceae is a family of about 900 species, mainly of temperate regions, where
they are usually small perennial plants. Violaceae (alternatively Alsodeiaceae) family
has about 22 genera and 900 species, but only one genus, Viola occurs in Montana,
Himalayas, Arctic Europe, North Africa, Siberia and Northwest India. Viola includes
around 400 species, almost half the total number of species in the family.
The family occurs throughout the world, but is most abundant in temperate
regions. The family is not commercially important apart from Viola odorata which is
grown for perfume, flavouring, and a violet colored liqueur called Parfait Amour. The
common garden pansy belongs to a hybrid group, Viola wittrockiana. A few species
in other genera are used medicinally. It takes its name from the genus Viola, the
violets and pansies. Older classifications such as the Cronquist system placed
Violaceae in an order named after it, the Violales. However, newer classifications
such as that of the Angiosperm Phylogeny Group (APG) locate it in the Malpighiales.
Though the best-known genus, Viola, is herbaceous, most species are shrubs or small
trees. The leaves are often heart shaped, sometimes toothed, or they may be finely cut.
In some alpine species (Rosulate Violas), the leaves are almost succulent and round
and form a dense ball or cushion, often looking more like a cactus or a pine cone than
a violet, but these are not often seen. The simple leaves are alternate or opposite, often
with leafy stipules or with reduced stipules. Some species have palmate shaped leaves
or deeply dissected leaves. The flowers arise singly on long stems from the leaf axils.
They have five petals of unequal size, with the lower ones forming a spur at the back
of the flower which contains nectar. There are honey guidelines directing insects into
the spur to pollinate the flower. Wild violets and violas are often blue, white, purple
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(violet) and yellow, but larger hybrids have been bred in all colours. The seed capsule
has three parts fused to form one chamber. In some species, this is pointed and
triangular, and in others it is rounded. Species may sometimes be identified by the
shape and colour of the seed pod. The seeds are dispersed when the capsule splits into
three, forming a three-pointed 'star'. Seeds are yellow or brown and rounded. Many
members of this family produce incomplete flowers on short stems after the main
flowering period. These do not open properly and are self-pollinating; they are called
cleistogamous flowers, and they set viable seed.
Viola is a genus of flowering plants in the violet family Violaceae, with around
400–500 species distributed around the world. Most species are found in the
temperate northern hemisphere; however, viola species (commonly called violets,
pansies or heartsease) are also found in widely divergent areas such as Hawaii,
Australasia, and the Andes in South America.
Most Viola species are perennial plants, some are annual plants, and a few are
small shrubs. A number of species are grown for their ornamental flowers in borders
and rock gardens; the garden pansy in particular is an extensively used spring and
autumn/winter bedding and pot plant. Viola and violetta are terms used by gardeners
and in horticulture for neat, small-flowered hybrid plants intermediate in size between
pansies and violets.
4.1.2 Literature Review
In literature many species are reported from different parts of the world.
Some of which are as follows
Chapter 4 Introduction
37
Viola odorata
Viola odorata is a species of the genus Viola native to Europe and Asia, but
has also been introduced to North America and Australasia. It is commonly known
as Sweet Violet, English Violet, Common Violet, or Garden Violet. The herb is
known as Banafsha, Banafsha or Banaksa in India, where it is commonly used as
remedy to cure sore throat and tonsillitis. The sweet, unmistakable scent of this
flower has proved popular throughout the generations, particularly in the late
victorian period, and has consequently been used in the production of many
cosmetic fragrances and perfumes. The French are also known for their violet
syrup, most commonly made from an extract of violets. In the United States, this
French violet syrup is used to make violet scones and marshmallows. Viola odorata
is quite similar to other species of violet, but can be distinguished by the following
characteristics the flowers have a sweet scent, the flowers are normally either dark
violet or white, the leaves and flowers are all in a basal rosette, the style is hooked
(and does not end with a rounded appendage),the leaf-stalks have hairs which point
downwards, and the plant spreads with stolons above-ground shoots.
Viola arvensis
Viola arvensis is a species of violet known by the common name field pansy.
It is native to Europe, western Asia, and North Africa, and it is known on other
continents as an introduced species and a weed of disturbed and cultivated areas.
Cyclotides, a class of peptides has been found in Viola arvensis. The peptide
cycloviolacin in particular has shown to possess cytotoxic activity against human
cancer cells and is therefore looked at as a potential drug lead [110].
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Viola banksii
Viola banksii, the native violet, is sold and grown throughout garden
nurseries and grown and loved in gardens around Australia, especially in the east.
For many years it was known as Viola hederacea. Although the Native Violet was
initially collected by Banks from whose name the name of specie has been derived.
Viola banksii is an herbaceous plant of prostrate habit, spreading by layering stems.
The bright green leaves are kidney-shaped. Purple and white flowers appear singly
on stems and occur throughout the warmer parts of the year. Single plants can
spread to cover very large areas, particularly in moist positions.
This is a very hardy plant in a range of climates. It prefers moist locations in
a sunny or semi-shaded location. In full sun the leaves lose some of their lush
appearance. In the garden it is a useful plant as a groundcover between taller
growing species but can easily overwhelm any slow growing prostrate plants. It is
also very suitable as a container plant, particularly in hanging baskets. This species
is distinguished by its striking purple and white flowers. As well, the fully
developed leaves are almost circular in outline with a deep, narrow, V-shaped sinus
at the base, and are usually rather bright, fresh green.
Viola yedoensis
Viola yedoensis is a popular medicinal plant indigenous to China, Japan and
Korea [111]. In addition to its ornamental contribution of the flowers, V. yedoensis
has been recorded in Chinese Pharmacopoeia for treating many health ailments,
including pains, acute pyogenic infections, and inflammation such as rhinitis and
mastitis.[112] Studies on V. yedoensis revealed that it contained coumarins, flavones,
phenolic acids, fatty acid, etc.[113-114] Among these, the first two types of
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compounds are major constituents, and modern pharmacological or clinical studies
have shown that they possess anti-inflammatory, anti-infection, anti-microbial,
anti-fungus, anti-tumor and anti-HIV activities. [115]Seven compounds isolated and
identified from this species are esculetin, isoscopoletin, 6-hydroxymethyl-3-
pyridinol, 5, 5-bi (6,7-dihydroxycoumarin), 6,6,7,7-tetrahydroxy-5,8-bicoumarin,
loliolide and dehydrololiolide.[116]
Viola tricolor
Viola tricolor is native to Europe, North Africa, and temperate regions of
Asia, and has become naturalized in the America. It thrives in many habitats, from
grassy mountainous areas to coastal sites, and is cultivated as a garden plant, is
abundantly met with almost throughout Britain. It is a very widely distributed plant,
found not only throughout Britain, but in such diverse places as Arctic Europe,
North Africa, Siberia and Northwest India [117]. Though found on hedge banks and
waste ground, it seems as a weed of cultivation, found most freely in cornfields and
garden ground. It blossoms almost throughout the entire floral season, expanding
its attractive little flowers in the early days of summer and keeping up a succession
of blossom until late in autumn. [118]
Viola tricolor is one of many plant species containing cyclotides. These
small peptides have proven to be useful in drug development due to their size and
structure giving rise to high stability. Many cyclotides, found in Viola tricolor are
cytotoxic.[119] This feature means that it could be used to treat cancers.[120-121]
Various extracts from the plant are anti-microbial.[122]
Viola tricolor has been found to contain saponins, mucilages and
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carotenoids.[123]
Viola tianshanica.
Viola tianshanica is an endemic Chinese plant widely distributed in Xinjiang
Autonomous Region, China. This herb is known in traditional Chinese medicine
(TCM) as Tian-Shan-Jin-Cai and has been used to treat various infections, fever,
influenza, hepatitis and other inflammatory disorders. Six compounds have been
reported from the plant which are daucosterol, kaempferol-7-O-beta-D-
glucopyranoside, kaempferol- 3-O-beta-D-glucopyranoside, isorhamnetin-3-O-
beta-glucoside, kaempferol and quercetin.
Medicinal uses
The flowers, leaves and roots of various Viola species are used for medicinal
purposes, being rich in vitamins A and C [124]. They also contain a type of antioxidant
called an anthocyanin. Viola flowers are also used to make an herbal tea that is used
in Chinese herbal medicine [125]. Most violas (all tested) and many plants of the
Violaceae plant family contain cyclotides,[126] which have a diverse range of
biological activities, including uterotonic, anti-HIV, antimicrobial, and insecticidal
activities.[127] Viola canescens, a species from India, exhibited in vitro activity against
Trypanosoma cruzi.[128] .Fourteen anthocyanins from V. yedoensis and V. prionantha
have been identified. Some anthocyanins show strong antioxidant activities.[129]
Viola odorata is used as a source for scents in the perfume industry. Violet is known
to have a 'flirty' scent as its fragrance comes and goes. Ionone is present in the
flowers, which turns off the ability for humans to smell the fragrant compound for
moments at a time.[130]
There has been no attempt regarding the phytochemical and pharmacological
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investigation of Viola indica from Kashmir as for as literature available to us is
concerned. But as per local claims it is used as cough expectorant and its juice is used
for treating internal wounds. Also other species of this genus posses various medicinal
properties and are thus used for treating various diseases. All these features prompted
us to take the phytochemical and pharmacological investigation of above mentioned
plant Viola indica.
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4.2 EXPERIMENTAL
4.2.1 General Experimental Conditions
Plant Material
The whole plant of Viola indica was collected from Aru (Pahalgam) Anantnag,
Kashmir, India in June 2010. The localities were the plant material was collected are
usually situated between 2400-4600m. Voucher specimen of Viola indica bearing
specimen no.690, was deposited at KASH herbarium in centre of plant taxonomy,
Kashmir University, Srinagar.
Extraction and Isolation
Dried and powdered plant material (220 g) of Viola indica was extracted, using
Soxhlet extractor with 100% organic solvents in increasing order of their polarity
(petroleum ether, ethyl acetate and Methanol).The extracts obtained were
concentrated under vacuum using rotary vapor evaporator at 400 C. Methanol extract
of the plant material was analysed by TLC. It showed presence of complex mixture
with overlapping components in polar, non polar and a combination of both solvent
systems. The extract was then loaded on column and the nature of adsorbent used was
column silica gel 60-120 mesh Qualigens. Nature of the eluent was chloroform,
chloroform: methanol mixture in varying proportions, ethyl acetate and finally with
methanol. The various fractions collected were continuously monitored on TLC in
various solvent systems and pooled together. The compound got eluted in chloroform:
methanol (3:1) combination and the fraction was collected and concentrated from
which (Compound VI-1) yellow needle like crystals were obtained using methanol.
Compound VI-1
Physical state: Amorphous yellow powder, crystallized in methanol.
Melting point: 264-265ºC.
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Rf : 0.58(EtOH:MeOH,9:1 v/v).
IR: 3600 cm-1 (OH), 3400 cm-1, 1700 cm-1 and 1250 cm-1 (for C=O of an β-
unsaturated ester), 1640 cm-1 (C=O of pyrone ring), 1600 cm-1 (phenyl
nucleus).
4.2.2 Antimicrobial activity
Test Micro Organisms and growth conditions
Gram-positive and Gram-negative strains were obtained from Microbial Type
Culture Collection (MTCC), Institute of Microbial Technology (IMTECH)
Chandigarh, India. The bacterial strains used were Pseudomonas aeruginosa MTCC
1688, Proteus vulgaris MTCC 426, Bacillus subtilis MTCC 441, Staphylococcus
epidermidis MTCC 435 and Staphylococcus aureus MTCC 96. Bacterial strains were
grown on nutrient agar plates at 37 0C and maintained on nutrient agar slants.
Preparation of Microbial Cultures
The antibacterial susceptibility test of methanolic extract was carried out using
the agar well diffusion assay with some modification. Briefly the overnight cultures of
the indicator strains of bacteria were added to 20ml of liquid nutrient agar. The
contents of the tubes were transferred to petri plates. After the 10mts of solidification
of the agar petri plates at room temperature, the punched wells on the plates were
filled with 2µg/ml of methanolic extract. The incubation was carried out for 24 hrs at
37oC for bacteria. Antimicrobial activity was assessed by measuring the diameter of
the growth - inhibition zone in millimeters (including disc diameter of 6mm) for the
test organisms comparing to the controls. Kanamycin (Merck, India) 10 µg per disc
was used as positive controls for bacteria. The experiment was performed in triplicate.
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4.2.3 Cytotoxic activity
In order to understand the effects of methanolic, ethyl acetate and petroleum
ether extracts of V. indica on human cancer cell lines, experiments were carried using
cultured Leukemia(THP-1), Lung (A-549), Colon (HCT-15), Cervix (Hela) and PC-3
cell lines by Sulph-rhodamine-B assay. All cell lines were submitted to maximum
concentration of 100µg/ml of ethyl acetate extract and methanolic extract of V. indica
for 48 hrs. Both ethyl acetate extract and methanolic extract reduced the viability of
these cell lines at above mentioned concentration. As shown in Table 9, these extracts
were active against THP-1, HCT-15, Hela and PC-3 cancer cell lines tested. The
percentage of dead cells in case of THP-1, HCT-15, Hela and PC-3 was found in the
order of 81, 91, 75, 61% for methanolic extract and 70, 66, 65, 55%, for ethyl acetate
extracts respectively, for the extract concentration of 100 µg /ml for each extract.
Human cell lines and culture
The cell lines Leukemia (THP-1), Lung (A-549), Colon (HCT-15), Cervix
(Hela) and Prostrate (PC-3) were cultured inRPMI-1640medium, supplemented with
Paclitaxel and Mitomycin-C (Sigma Aldrich, Madrid Spain) as positive controls. The
cell lines were cultured in a humidified atmosphere at 37ºC in 5% CO2. The cells
were incubated for 48 hrs after adding a sample and then kept in cold ice for 1hr at
4ºC. The plates containing optimum density of seeded cell suspensions were washed
with distilled water and 0.4% of SRB solution (Sulpha-rhodamine -B) was added to
each air dried plate for staining at room temperature for 30mins. The unbound-SRB
solution was removed by washing the plates with 1% (v/v) CH3COOH (Acetic Acid).
The bound SRB-dye was solubilised by adding 100ml of 10mM unbuffered Tris base
(pH=10.5) to each well and shaking was done for 5mins on shaker plateform. The
absorbance was measured at 570 nm. The experiment was repeated thrice.
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4.2.4 Determination of antioxidant activity
Antioxidants are the substances which can scavenge free radicals. The free
radical scavenging activity of the various fractions of methanolic extract was
measured in terms of hydrogen donating or radical- scavenging ability using the stable
radical DPPH. Ascorbic acid was used as the reference compound. The free radical
scavenging activity of methanolic extract of Viola indica plant was determined
according to method of Alasalvar et al. and Collin with slight modifications. Extract
solution (0.1ml) in 95% methanol at different concentration (final concentration of 5,
12.5, 20, 30 and 40 µg/ml) was added to the solution of DPPH (5ml, 0.004%w/v in
95% methanol). The reaction mixture was incubated at 28ºC. The scavenging activity
on the DPPH radical was determined by measuring the absorbance at 517 nm every
10 mins. The antioxidant activity was expressed as a percentage of scavenging
activity on the DPPH radical as follows:
% inhibition = ((A0-At) / A0 × 100).
Where A0 = the absorbance of the control (blank, without extract)
At = the absorbance in the presence of the extract.
All the tests were performed in triplicate and the graph was plotted with the
mean values.
4.2.5 Phytochemical Screening of Crude Extracts
The phytochemical screening of the plant extracts for the presence of various
classes of compounds was carried out according to standard procedure of Farnesworth
as follows.
Alkaloids
The methanolic extract (30ml) was evaporated to dryness in an evaporating dish
on water bath. 5 ml of 2 N HCl were added and heating with continuous stirring was
done on the water bath for 10mins.Cooled the extract filtered it and the filtrate was
treated with a few drops of Mayer reagent. The sample was then observed for the
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presence of turbidity or precipitation. The appearance of turbidity indicated presence
of alkaloids.
Flavonoids
The methanolic extract (75 ml) of plant sample was evaporated to dryness on a
water bath, cooled and the residue was defatted by washing several times with
petroleum ether. The defatted residue was dissolved in 30ml 80% ethanol and filtered.
The filtrate was treated with a few drops of concentrated HCl and magnesium
turnings (0.5g). The presence of flavonoids was indicated by pink color that
developed within 3 mins.
Tannins
The alcoholic extract (25ml) was evaporated to dryness on a water bath. The
residue was extracted several times with n-hexane & filtered, the insoluble residue
was stirred with 10ml of hot saline solution, the mixture was cooled, filtered and the
volume of filtrate was adjusted to 10ml with more saline solution. To 5 ml of this
solution, few drops of ferric chloride test reagent was added. An intense green blue or
black colour was taken as an evidence for the presence of tannins.
Saponins
1 gm of methanol extract was dissolved in 10ml of distilled water in a test tube
and shaked vigorously for 1-2 mins. The presence of saponins was indicated by
characteristic honeycomb froath at least 1cm in height, which persisted for 30 mins.
Phenols
1 gm of methanolic extract was dissolved in 10ml of distilled water in a test
tube. To this test tube few drops of alcoholic ferric chloride was added. An intense
green colour was taken as an evidence for the presence of phenols.
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4.3 RESULTS AND DISCUSSIONS:
4.3.1 Observations based on literature studies/present studies
The extracts of Viola indica were phytochemically screened for the presence of
Alkaloids, Flavonoids, Tannins and Saponins. However the results showed that the
Viola indica contains flavonoids, Tannins, alkaloids and Saponins in good amount.
The results of phytochemical screening are depicted in the form of table 7.
Table - 7: Components of Viola indica extracts based on preliminary
phytochemical screening.
Test Aqueous Ethyl acetate Methanol
Extract Extract Extract
Tannin - - +
Flavonoids + - ++
Alkaloids - + +
Saponins NT - ++
Phenols + + ++
++= appreciable amount, += moderate amount, (-) = Not present,
NT= Not tested
Since flavonoids and tannins are responsible for broad pharmacological
profile, including antiinflammation, antioxidant, antibacterial, anti-allergic asthma,
and anti-histamine activity. Therefore the methanolic extract of the Viola indica was
screened for their possible antimicrobial activities.
4.3.2. Antimicrobial Assay
The results of antimicrobial activities are depicted in the form of table -8.
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Table - 8: In-vitro antibacterial activity of methanolic extract of viola indica and
reference antibiotics determined with the agar diffusion method.
Test Microorganisms MeOH. Ea Kanamycin M.controlb
P. aeruginosa 18±0.62 30±0.21 -
P. vulgaris 22±0.56 30±0.21 -
S. aureus 29±0.14 30±0.21 -
B. subtilis 20±0.65 30±0.21 -
S. epidermidis 23±0.84 30±0.21 -
MeOH.Ea =Zones of inhibition of Methanolic extract in mm,
M. controlb=Methanol pure was used as control, (-) = No Inhibition
Standard: Kanamycin
The antibacterial spectrum of Viola indica seems closer to reference antibiotic
Kanamycin. The methanolic extract from V. indica showed antibacterial activity at a
concentration of 2 mg/ml against all the tested Gram-positive and Gram-negative
bacteria i.e., Pseudomonas aeruginosa, Proteus vulgaris, Bacillus subtilis,
Staphylococcus epidermidis and Staphylococcus aureus. The methanolic extract of V.
indica showed the maximum zone of inhibitions against S. epidermidis (29 mm), S.
aureus (23 mm) and P. vulgaris (22 mm). However, the zone of inhibitions shown by
extract against P. aeruginosa and B. subtilis was 18 and 20 mm, respectively. The
data pertaining to the antimicrobial potential of the methanolic extract of V. indica are
presented in the form of Table 8. Recently, researchers have shown considerable
interest in extracts from plants with antimicrobial activities for controlling pathogens
and/or toxin producing microorganisms in foods. Pioneering research in this regard
has been conducted by Alzoreky and Nakahara, 2003[131], Valero and Salmeron,
2003[132] and Li, et al., 2005).[133]
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The demonstration of broad spectrum antibacterial activity of extracts of V.
indica may help to discover new chemical classes of antibiotic substances that could
serve as selective agents for infectious disease, chemotherapy and control. Results of
these studies indicate that further screening and characterizations of Viola indica for
antimicrobial compounds are warranted. In addition, work on synergistic
combinations of extracts with broad spectrum or a high degree of inhibition against a
particular micro organism would seem worthwhile. As the search for new
antimicrobial agents intensifies, plant extracts may provide attractive alternate sources
of molecules for consideration. As the drug resistance becomes an increasing problem
and consumer demand for products with natural preservative grows on each passing
day, therefore Viola indica like plants can form the basis of future antimicrobial
research efforts.
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Fig. 2.6: Plates showing zones of inhibition against P. aeruginosa and S.
aureus
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4.3.3 Cytotoxic Assay
In this activity Sulpharhodamine-B assay was performed against five human
cancer cell lines namely THP-1 (leukemia), A-549(lung), HCT-15(Colon), Cervix
(Hela) and Prostrate (PC-3), which revealed increase in growth of inhibition during 48
hour incubation at the concentration of 100 μg/ml of the sample. DMSO control was
set up separately to cancel out the cell death occurred by DMSO, which was used as a
solvent for dissolving samples homogeneously. The results depicted that the
inhibition of different human cancer cell lines of varying tissue origin with 100 μg/ml
of extract dissolved in DMSO imparted significant cellular cytotoxic effects on all the
cell lines that were tested. However the most appreciable results were obtained
against Leukemia (THP-1), Colon (HCT-15), Cervix (Hela) and Prostate (PC-3)
cancer cell lines. The result of cytotoxic activities is depicted in the form of table 9.
Table- 9: In-vitro cytotoxic activity of methanolic and ethyl acetate extract of V.
indica.
Material Conc.
(µg/ml)
Leukemia
(THP-1)a
Lung
(A-549)a
Colon
(HCT-15)a
Cervix
(Hela)a
Prostrate
(PC-3)a
EtAc.E 100 70±0.37 0±0.79 66±0.13 65±0.39 55±0.3
MeOH.E 100 81±0.10 14±0.93 91±0.53 75±0.32 61±0.96
Paclitaxel 1x10-6 13±0.83 61±0.12 17±0.87 6±0.37 7±0.33
Mitomycin-C 1x10-6 23±0.61 43±0.31 21±0.95 4±0.35 67±0.31
a= % growth inhibition against a particular cell line, EtAc. E= Ethyl acetate extract, MeOH.
E= Methanolic extract.
4.3.4 Determination of antioxidant activity
The free radical scavenging activity of the various fractions of methanolic
extract was measured in terms of hydrogen donating or radical- scavenging ability
using the stable radical DPPH. 0.1 mM solution of DPPH in Methanol was prepared
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and 1.0 ml of this solution was added to 1.0 ml of extract solution in methanol at
different concentrations (5, 10, 20, 30 and 40 μg/ml).Thirty minutes later, the
absorbance was measured at 517 nm. Ascorbic acid was used as the reference
compound. Lower absorbance of the reaction mixture indicated higher free radical
scavenging activity. Radical scavenging activity was expressed as the inhibition
percentage of free radical by the sample and was calculated using the following
formula:
% inhibition = [(Ao-At) / Ao × 100].
Where Ao was the absorbance of the control (blank, without extract) and
At was the absorbance in the presence of the extract.
All the tests were performed in triplicate and the graph was plotted with the
mean values.
The reaction involved:
DPPH. + Sample →   DPPH2 + Sample (Radicals)
(Purple coloured) (Yellow coloured)
Table - 10: In-vitro radical scavenging activity of methanolic extract of Viola
indica.
MeOH.E (µg/ml)a %RSA
(MeOH.E)b
%RSA
(Ascorbic acid)c
5 33±1.0 27.6±1.0
10 42±1.0 32.1±1.3
20 43.1±1.0 56.1±1.5
30 48.3±1.3 67.1±2.9
40 51±0.2 71.3±1.9
a = Concentration of MeOH.E i.e methnolic extract in µg/ml,
b = Percentage of radical scavenging activity (RAS) of methanolic extract
(MeOH.E),
c = Percentage of radical scavenging activity (RAS) of positive control
ascorbic acid.
Chapter 4 Result and Discussion
53
Fig. 2.7: Radical scavenging effect of methanolic extract in comparison to control
Ascorbic acid.
As shown in the results methanolic extract reacted directly with DPPH
radicals and quenched them to different degrees with increased activities at higher
concentration. At the concentration of 40 μg/ml, the scavenging activity of methanolic
extract reached a plateau of 51±0.2%, whereas ascorbic acid reached 71±1.9% at the
same concentration. Generally, antioxidants will react with DPPH, a nitrogen-centred
radicals converted to 1, 1-diphenyl-2-picryl hydrazine, due to its hydrogen-donating
ability, at a very rapid rate. The DPPH radical scavenging assay is commonly
employed in evaluating the ability of antioxidants to scavenge free radicals. This
method has been used extensively to predict the radical scavenging activity because of
the relatively short time required for analysis. The change in absorbance at 517 nm is
used as a measure of the scavenging effect of a particular sample for DPPH radicals.
The more rapidly the absorbance decreases, the more potent the antioxidant activity of
the sample in terms of its hydrogen atom-donating capacity (Shahidi, et al., 2007 [134]
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Alasalvar, et al., 2009). This activity may be attributed to the presence of flavonoids
and phenols.
4.3.5 Identification of Isolated Compound
Structure Elucidation of VI-1
The elemental analysis suggested the molecular formula C30H26O13 for the
compound. It gave pink colour when heated with magnesium and concentrated
hydrochloric acid and olive green colour with alcoholic FeCl3.
Spectral Data
UV spectrum of the compound displayed λmax MeOH at 267, 315, 356 inflex
nm. On addition of AlCl3 λmax MeOH was displaced to 250, 305, 330 inflex nm, which
remained same with AlCl3/ HCl. Addition of NaOAc shifted the absorption maxima
to 265,310,360 inflex while addition of NaOMe shifted it to 272,305,370 nm.
IR (KBr) spectrum in addition to other bands, displayed prominent bands at
3600 cm-1 (OH), 3400 cm-1, 1700 cm-1 and 1250 cm-1 (for C=O of an ɑ,β- unsaturated
ester), 1640 cm-1 (C=O of pyrone ring), 1600 cm-1 (phenyl nucleus).
PMR spectrum (DMSO –d6, 200MHz) of VI-1 Table 11
The overlapping of signals in the aromatic region of PMR spectrum is
attributed to the protons of (E)-p-coumaroyl moiety along with the usual flavonoid
protons. Aromatic region displays eight doublets, which account for 12 protons. Out
of these, two doublets, each integrating for one proton, at δ 6.12 and δ 7.34 are
distinguished from the aromatic proton signals due to their large coupling constant
values (16Hz). These signals are attributed to the two trans olefinic protons adjacent
to an ester carbonyl and phenyl ring respectively. Four ortho coupled doublets
(J=8Hz) representing two AA’ BB’ systems are attributed to eight protons. Out of
these two doublets at δ 6.89 and δ 8.01 are assigned to flavonoid B-ring protons ,
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where as the other two doublets at δ 6.81 and δ 7.34 along with the presence of two
olefinic protons and β- unsaturated carbonyl band in IR, indicate the presence of an
(E)-p –coumaroyl moiety in the molecule. The two metacoupled doublets (J=2Hz) at δ
6.54 and δ 6.73 are assigned to C-6 and C-8 protons of ring A of the compound VI-1.
The characteristic signal for the presence of glucose moiety in the molecule was a
doublet at δ 5.47 (J= 7 Hz, 1H) due to C-1 H of glucose. The other sugar protons gave
signals between δ 3.2-4.2 where some OH groups displayed broad singlets at δ 5.19
and 5.42. The PMR spectrum did not give any signal for methoxyl group , therefore
,the two meta-coupled protons in the A-ring and two pairs of ortho-coupled protons
indicate the presence of OH group at C-7 and C-4’. This data also indicates the
presence of an (E)-p- coumaroyl moiety along with the glucose moiety in the
molecule.
13C-NMR data (DMSO-d6, 200MHz) Table 12
The 13CNMR spectrum of the compound characteristically establishes that
(E)-p-coumaroyl residue is linked to C-6” of the glucose. This is evident from C-6”
signal which appeared at δ 63.0 and C-5” at δ 74.6. The signal for C-6” is 2ppm
downfield, where as C-5” is 3ppm upfield when compared with C-6” and C-5” signals
in flavonoid-O-glucopyranoside. This provides the final proof for the exact point of
attachment of acyl residue with the flavonoid glycoside.
Mass spectrum of the VI-1 failed to give distinct molecular ion peak, but gave
various other fragments at 554, 315, 236 (base peak), 256,200, 190 etc.
The above spectral data indicates VI-1 to be a 5,7,4’-trihydroxy flavone –O-β-
glucopyranoside with(E)-p-coumaroyl residue attached to C-6’of glucose. Its spectral
properties are in good agreement with those reported in literature.[135,136]
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Table 11: 1HNMR data of Compound VI- 1 (CDCl3) 200 MHz
Proton Chemical shift (δ) Multiplicity
H-7,H-4’ 2.35 s
Sugar protons 3.20-3.40 m
H-1” 5.35 d
H-6 6.54 d
H-8 6.73 d
H-3’,5’ 6.89 d
H-6” 1.06 d
H-2’,6’ 8.02 d
H-5 2.47 s
OH 10.09 s
OH-C-5 12.4 s
H-6 3.53 d
Trans olefinic 7.34 d
Trans olefinic 6.12 d
OH 5.19 s
OH 5.42 s
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Table 12: 13C NMR data of Compound VI- 1 (DMSO-d6) 200 MHz
Kaempferol moiety Chemical shift (δ) Carbon
177.4 C-4
164.1 C-7
161.1 C-5
159.9 C-4’
156.4 C-9
156.3 C-2
133.1 C-3
130.0 C-2’,6’
120.8 C-1’
115.7 C-3’,5’
103.9 C-10
98.7 C-6
93.6 C-8
Β-D-glucopyranose 101.1 C-1”
76.3 C-3”
74.0 C-2”,5”
70.0 C-4”
63.0 C-6”
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